Article abstract-Objective: To determine whether the emotional significance of stimuli can influence spatial attention. Background: Motivational and emotional factors may affect attention toward stimuli. However, this has never been examined in brain-damaged patients who present with unilateral inattention due to left spatial neglect. Methods: The authors studied three patients with chronic left neglect and visual extinction after right parietal stroke. Shapes or faces with neutral, happy, or angry expressions were briefly presented in the right, left, or both visual fields. On unilateral trials, the patients detected all stimuli equally on both sides. On bilateral trials, they extinguished faces in the contralesional field much less often than shapes, and faces with happy or angry facial expressions much less than faces with a neutral expression. Conclusion: Facial features and emotional expressions can be analyzed despite lying on the unattended side, and may influence the spatial distribution of attention. These findings support the view that attention is controlled by neural mechanisms involving not only frontoparietal areas but also limbic components in cingulate cortex and amygdala, which may interact with ventral visual areas in the temporal lobe to detect affective value and prioritize attention to salient stimuli.
Our visual system is confronted with more objects than it can simultaneously process. Attentional mechanisms involving a complex network of brain areas are needed to select relevant sensory information for conscious perception and action.
1,2 Whereas unattended stimuli often escape awareness even in normal subjects, some processing may occur without attention in order to guide subsequent orienting to salient events. 3 Here we examine whether the affective value of face stimuli can summon spatial attention in patients with unilateral neglect and visual extinction.
Extinction is common after right hemisphere damage, particularly in the parietal lobe, and reflects a deficit in directing attention toward contralesional space in the presence of competing inputs. 2, 4 Patients with visual extinction can perceive a stimulus in their contralesional field when presented alone but ignore the same stimulus when presented with a concurrent ipsilesional stimulus. Whereas visual extinction is little or not affected by low-level properties of contralesional stimuli such as brightness or size, 5 it can be modulated by "preattentive" operations that organize visual information at early stages of processing in extrastriate areas to define the contours, axis, and grouping of candidate objects. 4, 6, 7 Further, recent observations demonstrated less extinction for real objects or faces than for scrambled non-objects or scrambled faces, 8, 9 and less extinction for faces than for other shapes or names, 9 suggesting that attention is biased to select most meaningful objects over other stimuli and may operate after substantial stimulus analysis has taken place in occipitotemporal cortex (see also reference 10 ). In keeping with this, studies of "inattentional blindness" in normal observers 3 show that faces may be detected despite inattention and tend to capture attention more readily than other objects, especially if they have a happy expression. Other studies investigated whether faces may pop out from distractors in search tasks but provided conflicting evidence of "preattentive" face processing. 11, 12 However, there is evidence that happy, sad, or angry faces are rapidly detected irrespective of the number of distractors in a surrounding crowd. 13, 14 Emotional expressions might facilitate the detection and orienting of atten-tion to faces, as some emotion-related information can be perceived implicitly outside conscious awareness 15, 16 and tend to attract attention. 17, 18 Findings from patients with unilateral inattention might therefore illuminate some of these controversial issues in normal perception. In the current study, faces or oval shapes were presented in the right, left, or both visual fields of patients with neglect and extinction; the faces had a happy, angry, or neutral expression on an equal number of trials. The critical comparison to learn whether contralesional inattention would be differentially affected by emotional cues involved those trials where an emotional or neutral face was presented on the contralesional side together with a competing shape on the ipsilesional side.
Methods.
Patients. Three right-handed patients who had chronic right hemisphere damage and left visual neglect participated in the experiments. Table 1 shows relevant clinical data. All patients had intact visual field on both sides with normal or corrected-to-normal acuity. On clinical examination, left-side extinction was reliably elicited on bilateral simultaneous stimulation for both visual and tactile stimuli. All three patients were alert and cooperative, but exhibited mild signs of left spatial neglect on standard tests such as line bisection, letter cancellation, and drawing tasks (see table 1). They had no other cognitive disorder. Brain CT or MRI showed ischemic lesions in the territory of the middle cerebral artery involving the right posterior parietal cortex in all cases. The patients were paid for their participation and signed informed consent statements approved by the Institutional Review Board of the Martinez Department of Veterans Affairs and the University of California, Davis.
Experimental procedure. Two experiments using the same procedure but different face stimuli were conducted (experiment 1 in three patients, experiment 2 in one patient). All stimuli were black outline drawings presented on a white computer screen. Patients sat at 50 cm from the screen. In both experiments, there were four different stimuli (3°visual angle), including three possible schematic faces with a happy, angry, or neutral expression, and one meaningless oval shape (figure 1). Experiments 1 and 2 were identical in all respects except for the curvature of the mouth used to depict emotional expressions (i.e., straight versus curved lines for neutral versus other expressions in experiment 1; always two curved lines irrespective of expression value in experiment 2). Schematic faces rather than real photographs were chosen because 1) they are known to provide reliable perceptual information, including their emotional value 19, 20 ; 2) they elicit similar neural activity in face specific regions of the visual cortex as compared to veridical faces 21, 22 ; 3) their emotional value is less confounded by low-level figural properties, such as the amount of contrast in the eye and mouth region. 14, 23 Each trial began with a fixation cross at the center of the screen, followed after 1000 ms by a stimulus briefly presented in the right, left, or both hemifields (6°away from fixation) in a random order. There were four types of unilateral trials on either side (three possible faces and one shape) and six types of bilateral trials (a right-side shape with three possible left-side faces, or a left-side shape with three possible right-side faces); all 10 trial types were equally probable and randomly intermixed. On each trial, patients were asked to identify the stimuli (i.e., a face, a shape, or nothing) and locate them (i.e., on the right or left) but did not report the expression of faces. Critically, emotional cues in faces were therefore irrelevant to the task. Patients were not instructed about them and not required to pay attention to them. Their response was typed by the examiner into the computer keyboard, followed by a 1500 ms interval until the next trial. Experiment 1 was given in one session in Patient 1 (200 total trials), and in two different sessions a few weeks apart in Patient 2 (200 trials in each block) and Patient 3 (120 total trials in block 1 and 240 in block 2). Experiment 2 was given to Patient 3 in two sessions (200 trials in each block). Exposure duration for the stimuli was set after a practice phase in each patient and each session, so as to obtain a reliable rate of left extinction in bilateral trials with good performance on unilateral left trials (i.e., to avoid floor or ceiling effect). Duration was then kept constant across a given session (Patient 1: 150 ms; Patient 2: 50 and 75 ms; Patient 3: 75 and 100 ms in both experiments 1 and 2). The patients were trained to maintain fixation during the practice phase. During testing sessions, an experimenter sitting opposite to the patient checked that the central cross on the screen was correctly fixated at the beginning of each trial. A few trials where eyes deviated from fixation were noted to be disregarded from subsequent analysis, and replaced by correct trials at the end of the session.
Results. Experiment 1 was given in two sessions in two subjects (Patients 2 and 3) and one session in one subject (Patient 1). Table 2 shows the number of stimuli missed in each condition for each case and each testing session. Whereas they missed only a few contralesional stimuli in unilateral trials (mean 8%), all three patients showed a reliable contralesional extinction in bilateral trials (mean 55%). A 3 ϫ 2 ANOVA performed on the rate of misses across all stimuli combined together, using data from each session as separate subjects, demonstrated an effect of side (right visual field [RVF] , left visual field [LVF], or bilateral, F(2,67) ϭ 83.6, p Ͻ 0.001) and type of stimuli (face or shape, F(1,68) ϭ 15.2, p Ͻ 0.001), as well as an interaction of side and stimuli (F(2,64) ϭ 16.8, p Ͻ 0.001). Post-hoc comparisons showed that unilateral stimuli were missed slightly more often in the left than in the right visual field (6 to 15% in LVF versus in 0 to 2% RVF; p ϭ 0.037, Bonferroni/Dunn test), whereas left-side stimuli were markedly extinguished in bilateral (48 to 52%) as com- and left shapes (5% mistaken as faces), thus indicating no bias in reporting faces over shapes ( 2 (1) ϭ 1.57, p ϭ 0.21). Critically, the rate of extinction differed between bilateral stimuli pairs (F(5,24) ϭ 14.2, p Ͻ 0.001), and was consistently affected by the emotional expression of leftside faces (figure 2). Planned comparisons show that, among all bilateral trials with the same right-side shapes, there was less extinction for left-side happy faces (15 to 35%) or angry faces (25 to 42%) than neutral faces (45 to 71%, p ϭ 0.003 and 0.019, Bonferroni/Dunn test); happy and angry faces did not differ from each other ( p ϭ 0.5). On the other hand, among all trials with the same left-side shapes, extinction rate was not different whether the right-side faces had a happy (60 to 81%), angry (65 to 80%), or neutral expression (67 to 80%, ps Ն 0.7). By contrast, emotional expression did not influence the rate of misses for unilateral left faces (F(2,12) ϭ 1.6, p ϭ 0.25).
Inspection of individual data confirms this pattern. The left faces' expression affected the proportion of contralesional misses in all patients, with a reliable disadvantage of neutral faces compared to both happy and angry faces ( 2 (2) Ն 6.2, p Յ 0.045 in each case), whereas the right faces' expression had no effect ( 2 (2) Յ 2.7, p Ն 0.26 in each case).
Because distinct emotional values of faces are associated with differences in their structural low-level features, i.e., the curvature of the mouth, 11,23 experiment 2 was given to Patient 3 to control that the effects on extinction rate were not due to such visual cues somehow facilitating detection independently of the face expression. The whole procedure was exactly the same except for the face stimuli whose emotional expression was now always defined by two curved lines irrespective of valence (figure 1). Because similar line segments in different positions cannot be discriminated without focal attention, 24 there should be no advantage for one type of face over the others in this condition if their detection was based only on nonfacial lowlevel cues. However, in experiment 2 as in experiment 1, Patient 3 showed a strong influence of the stimulus type on her extinction rate in bilateral trials ( 2 (5) ϭ 11.5, p ϭ 0.043; see table 2 and figure 2). Again, extinction was less for left-side faces than left-side shapes (58 versus 68 %), and it was also less for happy (48%) compared to neutral faces (75%, 2 (1) ϭ 6.4, p ϭ 0.012), as well as for angry (53%) compared to neutral faces ( 2 (1) ϭ 4.4, p ϭ 0.036). A repeated measure analysis of variance was performed on the extinction rate in each testing session in Patient 3 using experiment (first versus second), face side (left versus right), and face expression (happy, angry, neutral) as within-subject factors. There was no effect of experiment (F(1,22) ϭ 0.03, p ϭ 0.87), but an effect of face side (F (1,22) ϭ 13.5, p ϭ 0.010) and an interaction of face side and face expression (F(2,18) ϭ 8.6, p ϭ0.017) . No other main effect or interaction was significant.
Discussion.
A consistent pattern of results was observed across the two experiments and across each patient and testing session, suggesting at least two major conclusions.
First, contralesional extinction was less likely for faces than for shapes. This replicates previous findings in visual extinction. 9 In the latter study, face stimuli were different from those employed here and showed an advantage in capturing attention not only compared to meaningless shapes, but also compared to scrambled faces or familiar person names. Altogether, these results imply that faces are discriminated from other stimuli in spite of contralesional inattention, consistent with similar observations in studies of inattentional blindness in normal subjects. 3 They provide further evidence that specialized perceptual processes can detect and organize facial features into a unitized face configuration before the level at which attentional mechanisms operate. 12 Occipitotemporal areas critical for face processing were bilaterally spared in our patients and might still receive sufficient input from the contralesional unattended hemifield to sustain face detection even in the presence of parietal damage and extinction. 22 Second, the most important finding in the current study is that faces with happy or angry expressions were even less extinguished than neutral faces. This is unlikely to result from differences in low-level features serving as a cue to facilitate the detection of emotional faces, as two experiments using different stimuli in Patient 3 yielded identical effects. It is also unlikely that some low-level features of emotional faces could make them easier to encode or demand less processing resources, because emotional expression did not affect occasional misses for unilateral left faces in the same way, and such an explanation would predict a similar decrease in extinction when there is an emotional face on the ipsilesional side, which was clearly not the case. Importantly, the influence of emotional cues on extinction occurred even though face expression was not relevant to the task and patients were not required to pay attention to them. Thus, such effects must arise automatically at some stage of processing relatively independent of the pathologic inattention.
The current findings therefore suggest that 1) not only the structural configuration of faces but also their emotional value can be extracted in the contralesional hemifield by preattentive visual analysis, and 2) the result of such analysis can modulate the allocation of spatial attention. This reinforces previous observations suggesting that extinction arises after substantial processing has occurred. 4, 8 However, previous observation of preattentive processing in extinction have concerned basic visual operations such as segmentation and grouping, mediated by primary or secondary visual cortex, 4, 6 whereas our findings indicate the extraction of visual cues associated with the potential significance of stimuli (i.e., emotional traits), which presumably involve later stages of processing. This suggests that attention may operate on higher-level representations, so that under certain conditions the meaningfulness of stimuli can determine orienting and selection for awareness. 3 We note that attention might be more likely to control perception at later rather than earlier stages of processing when there is low perceptual load and high stimulus expectancy as in typical extinction experiments. 25 Unlike in studies of inattentional blindness, 3 our patients were explicitly looking for faces. Occasional misidentification errors did not reveal a bias to report faces instead of shapes, but it is possible that our findings might partly depend on a taskrelated set to respond to faces. However, this would not invalidate our major conclusion that emotional expressions are differentially extracted despite inattention, and capture more attention, as compared to neutral faces.
It is remarkable that the schematic faces used in our experiments conveyed emotional cues sufficient to affect their processing. However, schematic line drawings of facial expressions are known to provide reliable emotional information as compared to veridical photographs. 19 Using caricatural traits may actually optimize the recognition of face identity and expression. 12, 20 The brain has dedicated mechanisms for evaluating the emotional significance of environmental stimuli and organizing appropriate responses to them. 26 Because faces are endowed with unique social and biological meaning, specialized processes may have evolved to afford rapid and reliable recognition of facial emotional expressions. 26, 27 The ability to detect and discriminate facial expressions appears early in human babies 28 and shows a wide agreement across cultures. 27 Neurophysiologic work in monkeys, 26 neuropsychological studies in brain-damaged patients, 29 and functional neuroimaging in normal subjects 30 indicate that the processing of face expressions involves specific areas in temporal cortex, amygdala, and cingulate gyrus. Consistent with the idea that facial information may be processed without attention, unconscious recognition of faces and emotional expressions has been found behaviorally in normal subjects, 16, 31 as well as electrophysiologically 32 and by functional neuroimaging. 33 It has also been suggested that such unconscious processing might be contingent upon specialized right hemispheric processes for this type of information, and hence possible in the right but not the left hemisphere. 31, 33 In our experiments, automatic processing of emotional signals was revealed by the modulation of extinction for faces presented in the LVF, thus projecting to the right hemisphere. An interaction of these lateralized effects with hemispheric dominance should be investigated in future studies, looking for example whether contralesional extinction in left brain-damaged patients would also be decreased for emotional faces presented in the RVF, and whether left extinction would be affected by emotional words presented in the LVF. In addition, different effects on visual attention might be observed for emotions others than happiness and anger, such as expressions of fear, disgust, surprise, or sadness.
Mesulam 1 proposed that the control of spatial attention depends on a distributed neural network that includes three major cortical areas: posterior parietal cortex providing a sensory representation of extrapersonal space, dorsolateral frontal cortex coordinating exploratory motor programs, and posterior cingulate cortex evaluating the affective valence of sensory events. Whereas there are several lines of evidence for perceptual and motor components in neglect, respectively subserved by frontal and parietal areas, 2 a contribution of motivational relevance mediated by the cingulate cortex has not been directly established. In normal subjects, emotional stimuli may indeed attract attention, 17, 18 and neuroimaging studies suggest that retrosplenial-posterior cingulate areas may encode the emotional salience of stimuli, such as happy or angry faces. 34 An advantage of emotional faces in attracting attention and overcoming extinction in our patients might thus reflect the function of the posterior cingulate within a distributed network for attention, detecting the affective value of stimuli at early stages of processing, and prioritizing salient objects or locations for subsequent orienting. Alternatively, there is anatomic and functional neuroimaging evidence suggesting that amygdala response to emotional expressions of happiness or anger might exert modulatory influences on extrastriate cortex through reciprocal connections and thus enhance face processing areas. 30, 35 Faceselective neurons in monkey show increased responses to emotional facial traits, consistent with a modulatory feedback from remote limbic areas. 35 Such limbic-cortical interactions might yield a stronger weight to emotional faces in the competition for attention. A potentially important clinical implication of our findings is that manipulating or conditioning the emotional valence of contralesional inputs during rehabilitation procedures might help to alleviate deficits of attention after parietal injury.
